ABSTRACT: This paper presents a dynamic model of the solar heating system composed by an inclined solar flat collector coupled to heat storage tank. A Matlab/Simulink based model has been developed to predict the instantaneous solar radiation intensity, the outlet temperature of collector working fluid, the tank temperature and the solar energy utilization of the system. As a case study, this paper analyzed the simulation of Beijing area in winter and summer, the results show that 50~60 degree of inclination of collector can receive more energy and that the performance of the heat collector is stable which efficiency is basically stable at 0.65. The results demonstrate that the maximum outlet temperature of the collector was 35.4°C in winter and 71.1°C in summer. Through the daytime heat storage, the temperature of the heat storage tank can reach 55°C in summer, which is 24°C higher than that in winter. The simulation results can predict the operation of the solar system and provide the research foundation for the dynamic simulation of the solar energy as an auxiliary energy system.
INTRODUCTION
Energy consumption in the building sector has become one of the most important entries of total energy consumption and CO2 emissions. As a kind of clean energy, solar energy is considered as the most promising and potential energy source in 21st Century and it has been paid much attention by the international community. The use of solar energy in buildings is the utilization of the building structure to construct heat collection, heat storage and heat insulation system, as well as special solar components attached to the building, so as to achieve the goal of reducing building energy consumption, saving conventional energy, reducing air pollution and improving ecological environment. Building energy consumption is an important part of the energy consumption structure. In a sustainable approach, the energy demand needs to be reduced and we must develop renewable and clean energy. A recent study, carried out by International Energy Agency [1] , has reported that the worldwide installed heating capacity produced using solar thermal collectors is about 234.6 GWt. The solar thermal market in Italy is constituted by around 400,000 m2 of panels installed each year, and the total installed capacity of thermal solar exceeds 1 GWt [2] . However, because of the weather, geography and other factors, solar energy is intermittent and low-energy-density. Therefore, thermal storage system is a vital component to solve the instability of solar energy supply and improve the utilization of energy to achieve maximum effective utilization of solar energy.
Recently, two complementary approaches are available for designers to study a system. One is quasi-static approach which is based on a steady-state analysis; another is dynamic approach by means of dynamic simulation software such as TRNSYS, Energy+, and Matlab. Matlab is widely used. For example, Davide et al [3] developed a numerical model of Combined Heat and Power using Matlab and study the dynamic behaviors under two different conditions to assess the effectiveness of the model. Metin et al [4] investigated the thermal behaviors of a greenhouse heated by a hybrid solar collector system using Matlab/Simulink and predicted the storage tank temperature, the amount of auxiliary fuel and so on. Cris-tian et al [5] set up a simulation model of a solar-wind-hydroelectric system based on Matlab/ Simulink platform expanded with the RegenSim library. The model is useful for the study of small power systems allowing studies considering the identification, the type of usage opportunity and the implementation for power systems based on renewable energies that are available in a certain area. Matteo et al [6] presented a dynamic model of a "passive" solar heating system, and predicted on an hourly basis the thermal energy collected by the solar panels, the inlet/outlet collector working fluid temperature, the pool water temperature and the system efficiency to optimize the system. Besides, Ref [6] [7] analysed the results under three different sizes of pools and three different types of flat solar collectors. Solar thermal collectors are significant part of any solar energy system that convert solar radiation into thermal energy through a transport medium or flowing fluid, so the advantages and disadvantages and the feature of various types of solar collectors are discussed by Ref [8] . The efficiency of solar thermal conversion reaches up to 70% when compared to direct conversion of solar electrical systems which have an efficiency of around 17%. Dagdougui et al [9] studied the impact of the number and types of covers on the top heat loss and the thermal performance to ensure a good compromise between the collector efficiency and the output water temperature. Jie Ji et al [10] proposed a building integrated dual function solar collector and made a simulation under the weather condition of Hefei, China, in winter and summer.
To analyze the solar heating system composed by an inclined solar flat collector coupled to heat storage tank, the dynamic mathematical models are established according to the law of mass conservation and energy conservation, which is based on Matlab /Simulink platform. As a case study, this paper analyzes the simulation of Beijing area in winter and summer. The instantaneous solar radiation intensity, the outlet temperature of collector working fluid, the tank temperature and the solar energy utilization of the system are simulated and analyzed as a function of various design parameters such as location, dimensions, and meteorological data of the region.
MATHEMATICAL MODEL

Solar radiation model
The main parameters of the solar radiation model include the solar declination angle, the solar hour angle, the solar zenith angle and other parameters, and their calculation models are shown as follows [11] [12] .
The 
Where n is the date ordinal, starting from January 1 st . The solar hour angle is calculated as:
Where e is the time difference; L is the local longitude; Ls is the longitude of the standard time position. The solar zenith angle is calculated as follow:
sin cos cos cos sin sin
Where, φ is the local latitude. The incident angle of the sun on the inclined plane is calculated as follow:
  cos cos sin sin cos cos s n i
Where θ is the obliquity of the heat collector and γ s is the sun azimuth angle, which is calculated by the follow equation. Besides, γ n is the azimuth angle of inclined plane. If the heat collector faces toward the south, then γ n =0.
cos sin sin cos
According to the Bouguer formula, when the solar radiation reaches the ground, solar radiation intensity in the vertical plane of the sun's rays IDN is calculated by the follow equation:
Where p is atmospheric transmittance, which is calculated by So, based on the above equations, the total solar radiation on horizontal plane is calculated by the follow equation:
And the total solar radiation on the inclined plane is calculated by the follow equation:
Where, g  is the ground reflectivity.
Solar collector model
In this part, we set up a mathematical model for the plate solar energy collector. In order to simplify the model, the following assumptions are made in this paper:
(1) The collector is in stable condition. (2) The temperature of the air inside the glass cover plate is approximately equal to the outlet temperature of the collector.
(3) The heat flux of the glass cover plate and the heat absorbing plate is vertically one-dimensional flow.
(4) Thermal property parameter of the fluid medium is independent of temperature.
In steady state, the energy balance equation of the collector is:
Where, Asc is the effective collector area of collector in m 2 , (τα) is the product of the absorption and transmittance of the glass cover plate to the solar radiation, Qj is the useful energy for the collector in W, Ql is the loss energy from the collector in W, Qs is the energy stored in the collector in W.
The differential equation corresponding to the energy balance equation is:
Where, (MC)e is equivalent heat capacity of the collector in J/ K, To is outlet temperature of the collector, Ti is inlet temperature of the collector, UL is heat loss coefficient of the heat collector in W/(m 2 K), Ta is ambient temperature and Tp,m is the average temperature of the plate. Tp,m is often associated with the type of the collector and heat medium, so it is difficult to obtain and calculate the value. Hence, the formula is modified, and the inlet temperature is used to calculate the heat loss [13] . The modified formula is shown as follow.
Where, FR is heat transfer factor of the collector. Furthermore, the instantaneous efficiency of the collector is:
With the increase of the temperature of the heat collection plate, the total heat loss coefficient of the collector is increased. Besides, solar radiation is also changing. So, it is possible that the effective solar radiation absorbed by the collector is equal to the total heat loss of the collector at a certain time when the collector temperature is kept constant. That is stagnation temperature. Stagnation temperature of the collector is calculated as follow:
Heat storage model
Ethylene glycol solution is used as the circulating liquid in the heat collection system, and the heat storage water tank adopts water as the heat storage medium. The ethylene glycol solution comes out of the water tank and is heated by a solar heat collector and then comes back to the water tank. In the heat exchange tube of the tank, the ethylene glycol solution transfers heat to the water in the tank, so the water temperature is gradually increasing, and the heat is stored in the tank. This is a short, low temperature heat storage mode. In order to simplify the model, the following assumptions are made in this paper:
(1) The heat loss of the pipe is ignored, so the heat absorbed by the collector is equal to the heat transferred to the water tank by the heat collector.
(2) The heat collector has no leakage at the joint of heat storage tank, so the fluid medium quality follows the conservation of mass; (3) The water in the storage tank is fully mixed, so the temperature distribution is even, i.e. the temperature stratification phenomenon does not occur.
Part of the heat obtained by the water tank is used to increase the temperature of the water; another part is lost to the environment, so the energy balance equation of heat storage tank can be described as:
Where, M s is the mass of water in hear storage tank in kg, c s is the specific heat of water, T o is outlet temperature of the collector which is equal to the inlet temperature of tank, Ts,o is outlet temperature of tank, Ts is temperature of water in tank and U s is the surface heat loss coefficient of the heat storage tank in W/(m 2 K).
SIMULATION MODEL BASED ON MATLAB/ SIMULINK
In this paper, the dynamic model of the solar system is established based on the mathematical model mentioned above. The mathematical model of each part of the solar heat collection system is established based on the Matlab/Simulink platform and the subroutine of each part and the main program of the system are worked out. The dynamic characteristics of the collector and the heat storage tank are discussed. The solar radiation system is established as shown in Figure 1 , which includes some sub models such as the solar hour angle sub model, the solar declination angle sub model, the solar zenith angle and so on. The input parameters of the solar radiation model mainly include: date ordinal, longitude, latitude, the obliquity of the heat collector, atmospheric transparency etc.
The output parameters of the solar radiation model include: solar radiation on horizontal plane, solar radiation on inclined plane. Those parameters are used as the input condition of the solar collector model.
The solar collector system model is established as shown in Figure 2 . This model consists of several sub models including ambient temperature model, outlet temperature model, efficiency model, stagnation temperature model. The input parameters of the solar collector model mainly include inlet temperature, daily minimum temperature and output parameter of solar system. The output parameters of solar collector model are useful energy, outlet temperature and instantaneous efficiency and so on. These parameters reflect the performance of the system.
The model of heat storage tank is set up as shown in Figure 3 . The output parameters of heat collector model and ambient temperature are used as input parameters. The output parameter is temperature of heat storage tank. The integrated system model is set up as shown in Figure 4 . Each part of the system is linked based on conservation of energy. In the model, the design parameters of the heat collector and heat storage tank are required. They are listed in Table 1 and Table 2 .
RESULTS
According to the model, we can calculate the solar radiation intensity at any time and any region. Taking Beijing as example, the longitude is 116°, latitude is 40°, atmospheric transparency is 0.7, and the collector installation angle is 50°. This article takes four days to represent four seasons of a year. n=80 represents March 21st, n=172 represents June 21st, n=264 stands for September 21st, and n=355 represents December 21st. The simulation results are shown in Figure 5 , from which it can be seen that the start and stop time of solar radiation are different. It's associated with the location and time of a year. The time of a day to reach the highest solar radiation is not very consistent, but it's basically between 12 and 14 clock. Daily maximum solar radiation values are also different: September is higher than June, both of which are higher than 1000W/m 2 . And December is the lowest which is lower than 800 W/m 2 . The daily average solar radiation intensity can be obtained by integral, compared with the radiation value of ASHRAE, the simulation results coincide quite well.
The installation angle of the collector has a great influence on the collector effect of the collector, which can affect the energy efficiency of the whole system. The simulation results are shown in Figure 6 . Based on the simulation of the inclination angle of 25°~ 70°, it is found that the inclined plane of the collector is inclined to obtain larger solar radiation when the inclination of the collector is 50°~ 60°. Figure 6 (b) shows that the inclination of the collector shows the same law in different dates. The outlet temperature of collector is an important parameter to reflect collector performance, and ambient temperature has an important influence on the heat loss of the heat collector. So by these two factors, the heat collection capability of the collector can be reflected. The dynamic simulation of ambient temperature and outlet temperature of the collector is shown in Figure 7 . The curve of ambient temperature is an approximately sinusoidal curve, the minimum ambient temperature is about 10°C which occurred at about 3:00 am, and the highest temperature is about 5°C which occurred at around 14:00 to15:00 pm.
The model assumes that the collector temperature is not less than 10°C, because if the collector temperature is too low, it will result in frost crack. The collector does not work without solar radiation, so the collector outlet temperature is the lowest temperature. Only when the solar radiation energy is greater than the collector heat loss, the collector temperature will rise. With the gradual increase in solar radiation, the collector starts to work and the collector outlet temperature gradually increased. Taking the sun radiation value as input, the instantaneous outlet temperature of the collector can be obtained. Figure 7 shows the simulation results in winter and Figure 8 shows in summer. In winter, before 8:00 am, the collector is not working because of the low ambient temperature. Outlet temperature of the collector can reach to 35.4°C at about 14:00 pm. After then, as the solar radiation intensity gradually weakened, the heat collector outlet water temperature gradually decreased. In summer, outlet temperature of the collector can reach to 71.1°C. The trend of temperature variation in summer is basically the same as that in winter. The flow rate of the heat collector has an important influence on the outlet temperature of the collector, as shown in Figure 9 and Figure 10 . In winter, with the increase of the heat collection medium flowrate, the outlet temperature of the collector decrease from 55°C to 35°C. The water can be the heat source of heat pump or meet hot water requirement. In summer, in the case of the flow rate of 1kg/s, the maximum water temperature is even up to 88°C. According to the heat transfer equation, when the exchange energy is determined, the greater the flow rate is, the smaller the difference of heat transfer would be. The simulation results are well in agreement with the law. The temperature of the heat storage tank can be adjusted by regulating the flow rate of the heat collection medium, which can be selected according to the actual heat demand. The efficiency is simulated and the results are shown in Figure 11 , from which we conclude that the collector efficiency is basically stable at about 0.65 during the solar radiation. It shows that the heat collection performance is stable. But, in summer, the collector efficiency is slightly lower with the increase of time. The reason is that the temperature of collector and the ambient temperature are so high that influence the heat radiation.
Taking the simulation results of the solar radiation model and collector model as the input parameters, the simulation results of the phase change heat storage tank were obtained, as shown in Figure 12 . In summer, the maximum temperature of the heat storage tank can be increased to 54°C, which is 24°C higher than that in winter. The time when temperature starts rise is consistent with the trends of solar radiation intensity. In the early morning, due to the solar radiation is too weak, the heat of the solar energy supply tank and the heat loss of the water tank are offset. So the water temperature changes very little. With solar irradiance rising high, the heat of water inside the tank increases ceaselessly and is greater than the heat loss of water tank, therefor temperature rise faster. While the solar radiation is weakened, the temperature rises slow down. From about 17:00 pm in winter and 18: 00 pm in summer, the temperature of the heat storage tank is constant, which indicates that the solar radiation is equal to the heat loss of the water tank, and the energy storage system can reach the stable state. 
CONCLUSION
In this paper, the dynamic simulation model of a solar heating system composed by flat solar collector and thermal storage tank is established based on Matlab/Simulink platform according to the law of mass conservation and energy conservation. The model allows to obtain the instantaneous solar radiation intensity, the outlet temperature of collector working fluid, the tank temperature and the solar energy utilization of the system. This paper analyzes the simulation of Beijing area in winter and summer. The influence of inclination angle of the collector, the flow rate of heat collection medium has been investigated. In this paper, according to the simulation results, we can have a more comprehensive understanding of the dynamic characteristics of the system. It also provides the research foundation for the dynamic simulation of the solar energy as an auxiliary energy system.
